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One of the spectiral effects which as yet is not well understood

"is the appearance of di{fuse satellite bands near atomic limes iu the

spectra of gaseous aixtures. Twe different types of satellite baads

have been reported iu the past:l

(1) bands appearing oan the short wave-
l?ggth side of the atomic linmes ("Violet Bands™) aad (2) bands appearing
o; the long wavelength side of the atomic limes ("Red idands"™). Slide 1
gives am example of the "violet” bands. The picture on the laft shows
the ng component of tha.CS E‘lﬁli‘lt‘iiilt»!i it ngpcsr: ia the

um r:m mn

the lili lin. Q& it agp-ls: ih the a&sargtioa tpisxtnn-tt the 0080013

v‘€§§%§f§=ﬁf ﬁt and Ye.

The lime is broademed sud is accowmpanied by a violet satellite band.
Slide 2 gives ar exsmple of the "red” bends. The two pictures on this
slide are the second and third doublets of Cs a3 they appear in the
spoctrum of the Us-Xe mixture. usach line in these pictures is secoa-
pamcd hy s rod" sateluu M

An i:port:nt aspest of the study of the satellite band: is that
this study promises to supply detailed izforasationm on the nature and
properties of forces acting betwesn [ree ate-sAaad molecules in gasecns
mixtures. Cspecially Intcresting in this respect is the fact thal the
bands are indicative not only of the forces acting between atoms and
wolecules ian their ground states, but also of the forces 2c%ting between
excited atoms and wolecules.

Although no generally accepted sud complete theory of the satellite
baads is presently available, it is clear that the positions of the baands
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reflect the perturbation of the term level disgram of the radisting stem
csused by the presesce of & foreiga ges atom {n the nelghdorhood of the
redisting stom. One, therefors, customrily describdes the um by means
of a term level dhgnh draun as & fusctioa of the internnclesr sepera-
tien betwesn the nm‘. On such a disgrem, each term coastitutes @
po;citvm curve upmmm the interaction emergy of the two atoms.
sua 3 shous how the sstellite bands can be uyuiud by means of
such o dm 'l‘li draming on the right depicts several term levels of
sn isolated Cs ntu. A um_um from the mnd state level to aa
oxtited state Jovel results in 6a wsperturbed Cs lise of frequeacy ve.
In tnmin o the hlt. the ground state level and the first excited
state level of Cs lfc uﬁututﬁ as & functios of the separatiocn between
the Cs atom and & forsiga gas stom. The twe levels are repressated by
curves of differemt shapes, snd honce the transitioms occurring st ditf
feront imtersuclear ssparations correspend to I[requencies, the super- |
pesition of which on » phetographic plete forms the structure showa in
the lower drawiag on the left side of the figure. The imtemsity distri-
buticn is this struclure is governed primarily by the probability of
occurrcuce of different iateruuclear separations. ihis probability is
represented by the upper left hand drawing. As it follows from the
three drawihgs oa the leli, oue does, iudesd, sxpoct 30 s8¢ a "red
satellite band of frequency vy aand a violet satellite band of frequency
v near the (s line v, provided of course the potential curves shown
are substantlally correct. The "violet™ band corresponds to traasitions
at close interauclear separationms (repulsive par? of the potential curves)

while the "red"” band corresponds to transitions at laryer separations.
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It aust be peiated ont that the sbove laterpretation of the bands
which origisated with Prestan’ Mas resemtly hees eritisized by Klsis
sad Baxganer® we favor » semembat differest mechsnism. However, imasmech
a3 they tee atiribute the vielet hands 1o transitioas taking place st
slose isteramslear separstisns, the discussios that follows 1s equally
applivable 16 their meehenism as well. Fellowinsg these istrodwstory
remarks, we shall now yepert nlt new experimestal dats ox the satellite
bends and shall discuss some of the consequences of these dmta.

1a studying the specira of Cs - hyd’taaarboa nixtures, m'vhn-e |
ohurm ) mm of "violet” bands that have met been reported pre-
viously. mu m poum th'u charascteristics which mke them
difficult from amy m slvetdy reported. These cumurlnm ave:
(1) the fact that the bands are preseat oaly st the feurth and higher
doublets of the c: absorptien series, (2) the fact that the bands
appareatly eiperieass a ghify ideatienl with the shift of the parant
lises, and (3) the faet that the band-lime separations for these bands
decrease with 1n¢rcss§uq erder of the doublets with s remmrkable
regularity.

5lide 4 shows these bauds as they appear in the aixturc of Cs -

associated bands. Slide J shows the dependence of the band-line separa-
tion on the ordinel number of the (s doublets. 4s oue can see

separation is a swoothly varying function of the ordinal uumber and

approaches "zero” for high doublets.



There are three reassas why we find thess bands especially iuur-
esting. The first ressea is that the bands exhibit & shift just as the
Lises do. Since the shift is a result of seitiple collisions betwess

_the radisting stem end the feveiga m-vm. this property ef the bands
tons_l.ﬁin?»‘h‘pmt that the bands as sush must be @ result of siagle
collisions. The second reases 'u“_nu the Mvmmuot the band-
line separation mith the srdinal auwsber of the dewblet is irreconciable
with the mmnm M the "violet” bands are due te traasitions
at very clese ﬁmlm distances. Iadeed, the fact that the band-
1ike ssparaiions approach sere for very high mrs must moan that
either the exciled state curves for large priscipal quantua ausbers
become ideatical with the greund state curve, or that the bands are dwe
to transitions origisetiag from the flat part of tholgrouud state poten-
tisl cirve. Since the excited state curve cannot be identicel with the
ground state curve f{or obvicus remsoms, we are forced to conclude that
the bands are due to trit:itioas originsting on the flat part of the
ground state curve.

ifhe third reason that we regard the bards to be of special izterest
is that they are ubserved ouly for the high weabers of the saeries. This,
we believe, indicaies that the bands are a result not of Vas der #aal's

interaction betweon narticles  but rather » result of "igt
Latiou of the excited atow by @ fureign particle located well within the
electron cloud of the valence electron of the radiating atow. Slide &

illustrates this eff{cct. 1In the yround state, the radiating aud the
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foreign gas alems are coupletely outside esch other aud thers is essen~
tially o interaction betweesn thea. However, whes lhe radistisg atom
uadergoes 3 transition to & highly excited state, the foreign gas atoa
becomes trapped withis the valeace slectron sbhell and ceuses a pertur~
batioa of the eaergy levels of the radisting stom. There are several
offects which could be responsible for such perturbations. For instance,
the creation of en axial electric field resulting from the polarization
of the foreigs gss atom by the atomic core of the radlating etoa; also
the change of the penetrabllity of the atoaic core by the velonce electron;
and the attraction of the foreigu gas atom by the stomic core. Whother
or not these effects can account for the new bands is not quite clear
asd will have to be determined by a separate investigation.

The existence of these bands wmakes it clear, however, that s therough
suslysis of these internal perturbation effects should be made before a

couaplete and cohereat theory of the satellite bands eould be deviged.
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